Introduction {#sec1-1}
============

Osteoporosis is a chronic bone disease, which is defined by decrease of bone mass per bone volume.\[[@ref1]\] Bone consists of about 70% minerals, 5--8% water, and the rest as matrix. About 95% of the minerals are hydroxyapatite. Bone matrix is largely made up of type 1 collagen and non-collagen proteins.\[[@ref2]\] Hydroxyapatite can contain phosphate group, carbonate or hydroxyl groups, and chlorine and fluorine.\[[@ref3]\] Importance of hydroxyapatite crystals resides in their providing bone hardness and endurance, together with collagens. Inorganic matter (minerals) makes up about 50% of bone dry weight. Despite its high inorganic content, bone is an active tissue.\[[@ref4]\] Besides hydroxyapatite, which composes crystalline structure of bone, there are minerals like sodium, magnesium, calcium, and phosphate, which make up the amorphous (non-crystalline) structure of bone.\[[@ref5]\]

Osteoporosis is defined as a skeletal disorder characterized by compromised bone strength predisposing to an increased risk of fracture. Bone strength reflects the integration of two main features, bone density, and bone quality. Bone density is expressed as grams of mineral per area or volume and in any given individual it is determined by peak bone mass and amount of bone loss. Bone mineral density (BMD) measurement is a widely used parameter.\[[@ref6]\] Decrease of BMD in osteoporosis increases the risk of bone fractures. Low BMD is the most important risk factor for bone fracture.\[[@ref7]\]

On the other hand, among other contributing factors to osteoporosis, estrogen deficiency and corticosteroid usage are also important.\[[@ref7][@ref8]\] Ovariectomy or administration of glucocorticoids is frequently employed to develop a bone loss model in animals. Effect of glucocorticoids decreases the bone production and BMD, and thus increases the bone destruction.\[[@ref9]\] Glucocorticoid usage, therefore, leads to osteoporosis and related fractures.\[[@ref10]\] However, there are studies, which show that toxic effects of glucocorticoids turn into positive effects in animals, whose endogenous adrenaline levels are lowered or completely removed.\[[@ref11][@ref12]\] However, it is not known if the toxic effects of glucocorticoids on the bone tissue will translate into osteoprotective effects in animals with reduced amount of adrenaline. Metyrosine has been shown to suppress the endogenous adrenaline production by 30--80%.\[[@ref12][@ref13]\] Therefore, our study aimed to probe the effect of methylprednisolone, a glucocorticoid, on ovariectomy-induced bone loss in rats with the metyrosine-reduced amount of endogenous adrenaline.

Materials and Methods {#sec1-2}
=====================

Animals: Fifty-six female albino Wistar rats were obtained from Atatürk University Medical Experimental Application and Research Center. Animals weighed between 220 and 230 g and were kept under normal laboratory conditions in groups (22°C). Twelve-week-old animals were used.

Chemicals: Metyrosine (Demser, Aton Pharma Inc. Lawrenceville, NJ, USA), depomedrol (Eczacıbasi İlac San. Istanbul, Turkey), alendronate (Fosamax, Merck-Sharp and Dohme, Whitehouse Station, NJ, USA), and thiopental sodium (Pentotal-Abbott, Illinois, USA) were used.
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### Experimental Procedures {#sec3-1}

Fifty-six female, 12-hour starved rats were ovariectomized with Kelly and Robert method. Animals were anesthetized with 25 mg/kg thiopental sodium. Ovariectomized rats were kept and fed under normal laboratory conditions (22°C) for 3 months. Then first group of rats received 20 mg/kg metyrosine, second group 2 mg/kg alendronate per orally (p.o.). Third group received a combination of 20 mg/kg metyrosine (p.o.) and 10 mg/kg methylprednisolone (i.m.). Fourth group received a combination of 2 mg/kg alendronate and 10 mg/kg methylprednisolone (i.m.). Fifth group received 10 mg/kg methylprednisolone (i.m.). Sixth group of ovariectomized rats received equal volume of distilled water. Seventh group of intact animals served as control. Metyrosine and alendronate were administered daily, while methylprednisolone was administered once every 10 days, for 3 months. At the end of 3 months, animals were sacrificed with high-dose anesthesia. Hip bones were removed and sent to Nuclear Medicine Department for BMD determination. Blood samples taken from animals were sent to Biochemistry Department for adrenaline measurements.

### Dual Energy X-Ray Absorptiometry (DEXA) Measurements {#sec3-2}

Bone mineral density (BMD, g/cm^2^) and bone mineral content (BMC, g) were determined with DEXA method using a Hologic QDR 4500 (Hologic Inc., Waltham, MA, USA) machine and an experimental animal assessment software. Femur bones were placed on the imaging positioning tray and scanned three times. All specimens were placed in a similar orientation for comparison. Total femur bone BMD and BMC was evaluated by inclusion of the whole femur in the region of interest (ROI). All measurements were performed by the same investigator. The coefficients of variations for repeated measurements on the same bone was \<1.0%. To ensure DEXA functionality, phantom calibration and quality assurance checks were also conducted prior to specimen scans.

### Biochemical Analyzes {#sec3-3}

We collected blood samples from the hearts of rats in 5-ml vacutainer tubes and 2-ml EDTA vacuum glass tubes for determination of adrenaline and noradrenaline. The EDTA samples for the adrenaline measurement were immediately placed on ice and centrifuged at 3500 g for 5 min within 15 min of venesection. After centrifugation, the plasma samples were stored for up to 2 h at room temperature. The plasma adrenaline concentration was measured by an isocratic system using a high-performance liquid chromatography (HPLC) pump (model HP1100, Hewlett Packard) (flow rate: 1 ml/min; injection volume: 40 μl; analytical run time: 20 min) and electrochemical detector. We used a reagent kit for HPLC analysis of catecholamines in plasma serum (Chromsystems, Munich, Germany). Intra-assay and inter-assay coefficients of variation were 5 and 6%, respectively, with 70% recovery.

### Statistical Analyzes {#sec3-4}

All results were shown as mean ± standard error (SE). One-way analysis of variance was used to evaluate the results. A value of *P* \< 0.05 was considered significant.

Results {#sec1-3}
=======
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### DEXA Results (BMD Measurement) {#sec3-5}

As seen in [Table 1](#T1){ref-type="table"}, BMD value in ovariectomized control group was 0.133 g/cm^2^, while it was 0.139, 0.144, and 0.123 g/cm^2^ in metyrosine, alendronate, and methylprednisolone receiving ovariectomized rat groups, respectively. In ovariectomized groups receiving metyrosine/methylprednisolone and alendronate/methylprednisolone combinations, BMD values were 0.151 and 0.135 g/cm^2^, respectively. BMD value of intact control group was 0.156 g/cm^2^.

###### 

Bone area (BA), bone mineral content (BMC) and bone mineral density (BMD) in various experimental groups
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### Biochemical Results (Adrenaline Levels) {#sec3-6}

Results are summarized in [Figure 1](#F1){ref-type="fig"}. Mean endogenous adrenaline level in healthy intact control group was found to be 665 ± 13.8 ng/dl (*P* \< 0.05). In ovariectomized control group it was 691 ± 19.3 ng/dl. Mean endogenous adrenaline levels were 786 ± 21 (*P* \< 0.05), 448 ± 16.5 (*P* \< 0.001), 323 ± 16.3 (*P* \< 0.0001) ng/dl in ovariectomized methylprednisolone receiving, ovariectomized metyrosine + methylprednisolone receiving, and ovariectomized metyrosine receiving rat group, respectively. Mean adrenaline level was 677 ± 12.7 (*P* e" 0.05), and 712 ± 14.5 ng/dl (*P* \< 0.05) in ovariectomized alendronate receiving and ovariectomized alendronate + methylprednisolone receiving rat group, respectively.

![Endogenous adrenaline levels (ng/dl) in various experimental groups. Vertical bars represent standard error of mean (\**P*\< 0.05, \*\**P*\< 0.001, \*\*\**P*\< 0.0001)](IJPharm-45-344-g002){#F1}

Discussion {#sec1-4}
==========

In this study, we aim to investigate the effects of methylprednisolone, a glucocorticoid, on ovariectomy-induced bone loss in rats with a metyrosine-reduced amount of endogenous adrenaline and compare them with alendronate.

Severity of bone loss in the examined femur bone tissues were evaluated with BMD measurements. Results show that highest BMD value was measured in metyrosine/methylprednisolone combination group, while the lowest BMD was measured in methylprednisolone receiving ovariectomized rats. Alendronate was found to be effective only when used alone in ovariectomized rats, and it could not increase BMD value compared to ovariectomized control group, when used in combination with methylprednisolone. There was a slight, statistically insignificant increase in BMD values of metyrosine receiving ovariectomized rat group.

In a recent study, we showed that gastrotoxic effect of glucocorticoids (prednisolone) was turned into gastroprotective effect in rats with suppressed endogenous adrenaline levels by metyrosine. To concretize whether gastroprotective effect of prednisolone was dependent on inhibition of endogenous adrenaline, we showed that prednisolone completely removed indomethacin-induced stomach ulcer in adrenalectomized rats. In addition, we showed that prednisolone could attach to alpha-2 adrenergic receptors when endogenous adrenaline level was lowered, and produce protective effect through these receptors.\[[@ref11]\] Based on this information, it can be interpreted that methylprednisolone produced a protective effect on BMD via stimulation of alpha-2 adrenergic receptors in rats with metyrosine-induced suppression of endogenous adrenaline (methylprednisolone/metyrosine combination receiving ovariectomized rats group). In our study, we found a significant reduction in the amount of BMD in the femoral bone tissue of rats that underwent ovariectomy. It is known that reduced serum estrogen level is associated with low BMD.\[[@ref14]\] Low levels of BMD in rats with ovariectomy might have increased by estrogen over the alpha-2 adrenergic receptor. This is because it has been reported that estrogen stimulates alpha-2 adrenergic receptors and creates a protective effect around these receptors.\[[@ref15]\] However, it is not clear that stimulation of alpha-2 receptors in which tissue produces protective effect. On the other hand, the estrogen receptors are said to be of two types, alpha (ESRα) and beta (ESRβ).\[[@ref16][@ref17][@ref18]\] The polymorphism of the ESRα genes is found to have a significant association with BMD.\[[@ref19]\] The results of our study and literature data show that osteoporosis consists of a polyetiologic and complex mechanism. Our study demonstrates that alpha-2 adregenic receptors as well as estrogen receptors may have role in the osteoprotective effect mechanism of methylprednisolone in animals with reduced endogenous adrenaline.

As endogenous adrenaline levels are lowered in metyrosine administered rat group, endogenous cortisol might, at least slightly, stimulate alpha-2 adrenergic receptors and produce this protective effect. Metyrosine is a tyrosine hydroxylase enzyme inhibitor. Inhibition of this enzyme leads to inhibition of adrenaline and other catecholamines.\[[@ref20]\] While metyrosine given to patients with hypercalcemia causes a fall in the amount of catecholamines, it does not prevent hypercalcemia.\[[@ref21]\] It is known that hyperparathyroidism-induced hypercalcemia may result in osteoporosis.\[[@ref22]\] In our study too, metyrosine failed to significantly prevent bone loss. No data is available about the effect of metyrosine alone or in combination with glucocorticoids on the bones. It is postulated that the protective effect of metyrosine on tissues may be due to inhibition of the COX-2 enzyme without affecting COX-1.\[[@ref23]\] It has been reported that the prostaglandin E2 (PGE2) production increased by COX-2 activation, results in the destruction of the bone tissue\[[@ref24]\] and that PGE2s stimulates the osteoclasts responsible for bone destruction.\[[@ref25]\]

It has been reported that prednisolone, a glucocorticoid, significantly inhibits the COX-1 enzymes responsible for cytoprotection and COX-2 enzymes responsible for inflammation in intact rats, it increases COX-1 activity in rats with adrenalectomy (endogenous adrenaline source removed), and strongly suppressed COX-2; it was found that prednisolone produces such effects through the alpha-2 adrenergic receptors.\[[@ref26]\] This suggests that glucocorticoids have protective effect in rats with suppressed production of endogenous adrenaline and that the inhibition of COX-2 is a part of the osteoprotective mechanism.

It has been experimentally demonstrated that different doses of alendronate give rise to positive effects on bone content.\[[@ref27][@ref28][@ref29]\] In our study, 2 mg/kg dose of alendronate significantly increased BMD in animals with ovariectomy. But, when alendronate was administered with methylprednisolone, no positive effect on BMD was observed. This could be explained as alendronate could not prevent bone loss when osteoporosis was aggravated by methylprednisolone. The mean endogenous adrenaline levels in ovariectomized alendronate receiving rat group and ovariectomized control group were almost the same. Mean endogenous adrenaline level in ovariectomized alendronate + methylprednisolone receiving group was significantly higher than ovariectomized control group. This also indicates that alendronate uses a different mechanism to produce effect, from methylprednisolone + metyrosine combination. Alendronate is reported to increase BMD in osteoporosis patients.\[[@ref30]\] It is a bisphosphonate derivative. Bisphosphonates are known to produce effect by binding to hydroxyapatite and by decreasing the activity and number of osteoclasts. The difference between alendronate and other bisphosphonates is that, alendronate inhibits mevalonic acid pathway, which is necessary for osteoclast survival.\[[@ref31]\]

In conclusion, BMD levels were decreased in ovariectomized rats and this decrease was aggravated by administration of methylprednisolone. Alendronate could only prevent ovariectomy-induced bone loss and not the severe BMD loss observed in methylprednisolone-administered ovariectomized rats. Methylprednisolone prevented the BMD decrease in ovariectomized rats where endogenous adrenaline levels were also suppressed by metyrosine. This finding could be useful in prevention of bone loss in patients who have to be treated with glucocorticoids for a long time and also in treatment of severe bone loss.
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